Abstract. The preparation and the properties of novel ruthenium carbon-rich complexes [(Ph-CC-)2-nRu(dppe)2(-CC-bipyM(hfac)2)n] (n = 1, 2 ; M = Cu 
Introduction
A great challenge to contemporary applied science is to develop molecular-based switching devices in which one or several key physical properties can be modulated with external stimuli, such as light or electricity, [1] [2] [3] for the realization of logical functions. 1, 4 In that direction, colour, luminescence, optical nonlinearity, magnetic and electrochemical properties, as well as changes in electrical conductivity are frequently used for memory or sensing applications, and multifunctional molecules are susceptible to perform new properties or operations unattainable by conventional semi-conductor technology.
For this purpose, transitionmetal acetylide are attractive redox active building blocks. [5] [6] [7] [8] [9] [10] [11] They present fast and discrete interfacial electron transfers, [12] [13] [14] [15] [16] and allowed modulation of different features such as NLO, [17] [18] [19] luminescent, [20] [21] [22] or other optical properties, 10, [23] [24] [25] [26] [27] as well as magnetism 23, [28] [29] [30] [31] and conductivity. [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] Among all studied systems, ruthenium acetylides with a trans ditopic structure are particularly well suited owing to their unique ability to operate as a connector allowing electron flow to occur through different elements in multi-component systems. 29, [47] [48] [49] [50] [51] This behavior results from the substantial carbon-chain ligand character of the highest occupied molecular orbital (HOMO) due to the overlap of a metal d() and of a delocalized -orbital of the carbon-rich ligand.
Interestingly, concerning molecular magnetism, very few reports have been published on the capacity of such organometallic moieties to act as magnetic coupling units (MCU) between remote radicals, despite the fact that this research area is very attractive with respect to the promising new materials that might be prepared. [52] [53] [54] While molecular packing occurring in crystal usually leads to weak intermolecular interactions, the use of a MCU allows intramolecular interactions to set up between radical connected through. In parallel, the remote control of magnetism with stimuli such as light or electron transfer is also very appealing. 2, 55 Light-controlled systems are well developed with numerous type of systems, however, redox-controllable systems are much scarcer. [56] [57] [58] [59] [60] [61] [62] [63] [64] [65] [66] [67] [68] [69] [70] [71] Hence, as far as metal acetylide are concerned, the first study reported a platinum bis-ethynyl-phenyl-nitronylnitroxide complex displaying a weak coupling between the two radicals (0.1 < |J| < 1 cm -1 , 18.6 Å separating the two spin carriers) through the non-redox active diamagnetic transition Pt MCU, being known to be an inefficient mediator. 72 More recently, we reported the first use of the redox active fragment [Ru(dppe)2(CCR)2] (dppe = 1,2-bis(diphenylphosphino)ethane) (Chart 1) with orbitals delocalized on both metal centre and acetylide ligands, to evaluate (i) their ability to set up a magnetic coupling between one or two remote organic spin carrier(s) and nature of the resulting exchange interaction (ferromagnetic or antiferromagnetic), and (ii) the effect of its one electron oxidation, that creates an additional (de)localized spin, on the magnetic properties. It occurred that the diamagnetic [Ru(dppe)2(-CC-R)2] system is able to promote a stronger magnetic coupling between two remote radical units, i.e. nitronyl nitroxide (NN) (-2 cm -1 , estimated distance 19.3 Å) or two verdazyl radicals (VD) (-4 cm -1 , estimated distance 19.1 Å) than the Pt unit. 73 Unexpectedly, while introducing an additional spin carrier on the metal MCU, oxidation leads to the decrease or the switching off of magnetic interactions, whereas one electron oxidation of the monoradical species [Ph-CC-Ru(dppe)2-CC-R] generates an antiferromagnetic spin alignment between the two spin carries of ca.
2 cm -1 and 4 cm -1 for nitronyl-nitroxide and verdazyl radicals, respectively.
Chart 1
In order to understand the magnetic behavior of such redox active assemblies through the rationalization of the different interactions that can exist in such compounds, we further designed new mono-and bi-nuclear metal acetylide complexes [(Ph-CC-)2-nRu(dppe)2(-CC-bipyM(hfac)2)n] (n = 1, 2 ; M = Cu II , Mn II , bipy = 2,2'-bipyridine-5-yl) bearing inorganic radicals (scheme 1), 74 (i) to set up a new magnetic coupling, and (ii) to achieve the redox modulation/creation of exchange interactions between the different elements of those assemblies. Note, the ruthenium acetylide system displays a sufficiently low oxidation potential (E° = 0.5 V vs SCE) to avoid oxidations of Cu II and Mn II centers. 75 Note that this 2,2'-bipyridine-5-yl positioning was chosen because 4-yl positioning would create a spin frustration between Mn/Cu and Ru spin carriers and annihilate a probable polarization mechanism magnetic coupling (Ovchinnikov rule). Therefore, in this article we describe the synthesis and the characterization of these new complexes including the crystallographic structures, the electrochemical and the electronic absorption properties. With Cu complexes, the strength of the intramolecular interactions were addressed in the isolated state (dilute solution) with EPR spectroscopy. The study of the magnetic interactions in the present systems is particularly challenging taking into account the number of parameters that could be introduce in order to fit the experimental curves. Thus, we conducted a parallel quantum chemical DFT study that provides important information on the geometrical, electronic and magnetic changes of the systems occurring upon oxidation of the ruthenium core.
Results and discussion
Syntheses of the heteronuclear complexes. The synthetic strategy to achieve the heteronuclear complexes terminated is displayed on Scheme 1. Coordination of various metals to bipyridinefunctionalized ruthenium acetylides has been reported by several groups, including our group. X-Ray analysis. Good quality crystals suitable for X-Ray structure determination were obtained from a methylene chloride/n-pentane biphasic mixture (2/1) for all compounds. The crystallographic data are listed in Table 2 . The labeled plots excluding solvent molecules are reported in Figure 1-6 and bond lengths and angles are given in Table S1 . The two bimetallic complexes 1Cu and 1Mn are iso-structural and crystallize in the monoclinic (Cc) space group (Figure 1 and 2) . The unit cell includes two molecules (Figure 3) . The acetylide bonding between the ruthenium atom and the bipyridyl moieties is barely affected by the coordination as previously observed. 21, 30, 77, 80 The two pirydine rings of the 2,2'-bipyridyl moieties binding the metal atom lie in the same plane (the angle between the rings of the bpy ligand mean planes being 3.01 and 8.77° for 1Cu, and 8.84 and 10.65°
for 1Mn, respectively), and stacking is observed between the bipyridine ligands of two molecules of the unit cell to form pairs that are characterized by interplanar distance in the range of 3.5 -3.7 Å (Figure 3 ). Therefore, inter-molecular metal-metal distances for the solid-state arrangements of 1Mn and 1Cu are found to be 7.437 Å between the closest Mn atoms and 7.107 Å between the closest Cu ones.
The M1 center (M = Mn, Cu) are coordinated to the oxygen atoms from the two bidentates hfac -anions and to the two nitrogen atoms N7 and N14 from the bipyridyl units with distorted octahedral coordination geometries. The elongation axis for the copper moiety in 1Cu is through the O101-Cu1-O104 axis ( Figure 1 and Table S1 ). Therefore, these two oxygen atoms from the hfac ligands are is, here also, barely affected by the coordination, the angle between the pyridyl rings of the two parallel chelating bipyridyl (bipy) moieties being 1.18° for 2Cu and 4.44° for 2Mn. There is also extended - stacking of the bipy systems characterized by inter-planar distances of 3.400 Å for 2Mn, and 3.385 Å for 2Cu ( Figure 6 ). It is to be noted that because of this - stacking, inter-molecular metal-metal distances are much shorter than the intra-molecular ones, with 7.249 Å between the closest Mn atoms and 7.470 Å between the closest Cu ones for 2Mn and 2Cu respectively (to be compared to 16.725 and 16.578 Å for the Mn…Mn and Cu…Cu intramolecular distances respectively).
Concerning 2Mn, the Mn atoms are six coordinated and the coordination sphere is very close to a trigonal prism (the CSM parameter being 0.31 for this geometry) ( Figure 5 Table 1 , and the CV of 1Cu is displayed in Figure 7 . As expected, the bi-and tri- . Electronic absorption spectra of 1 (black), 1Cu (blue), and 1Mn (magenta) in CH2Cl2.
As mentioned in the previous section, all compounds present a fast and reversible first oxidation process. Therefore, to collect experimental information about the oxidized species required for the switching events, their absorption properties upon oxidation/reduction were investigated by means of UV/Vis/NIR spectro-electrochemistry (SEC) in an optically transparent thin-layer electrochemical (OTTLE) cell (Table 1 , Figure 9 ). The oxidation potential of the device was set between the first and Additional IR experiments were conducted in the OTTLE cell with the Cu complexes. They show an expected shift of the asymmetrical C≡C to smaller wavenumbers upon one electron removal (Table 1) 
Transmittance

Chart 2
This Hamiltonian can be further improved by including zero-field splitting and other elements due to spin-orbit coupling and anisotropy as exemplified by the work of Lloret and collaborators on cobaltcontaining systems. 90, 91 In these studies, the authors considered the magnetic coupling between the magnetic end-groups J13 as negligible. This hypothesis is justified by citing the work of Zhao and coworkers. 92 In this paper, the authors support their hypothesis by citing a work of Reedijk and coworkers of 1984, and the pioneering works of Sherwood and collaborators in 1968 and of Mackey and Martin in 1978 (see SI, Table S2 -S3 as recent literature survey). [93] [94] [95] In that context, one of the purposes of the present work being to study the influence of oxidation on the magnetic properties, an evaluation of the magnetic coupling between the terminal magnetic centers J13 concomitantly with J12 and J23 parameter is necessary. Indeed, the early works done in the sixties showed the drastic influence of the J12/J23 over J13 parameter onto the magnetic response upon temperature 94 and the dilemma caused by the possibility of having several sets of parameters giving similarly-good fits of the magnetic experimental measurements. 95 Theoretical investigations of the magnetic interactions constitute an interesting tool to discriminate and provide its analysis in terms of electronic interactions. In some cases, intermolecular magnetic interactions have to be considered and in that case also a quantum chemical study was performed. 96 Computation studies of 1Cu, 1Cu + , 2Cu, 2Cu + . Density functional (DFT) calculations are the only quantum chemical (QC) methods able to provide good approximation of magnetic couplings in such very large organometallic systems for which no ligand simplification was made. Full geometry optimizations with tight optimization criteria were performed for the four compounds using the XRay structures of 1Cu, 2Cu as guess geometries (see computational details). The Cartesian coordinates of all optimized structures are given in Table S5 . The agreement between the experimental structures and the optimized geometries of 1Cu, 2Cu (high-spin electronic configuration) is in the same range of deviation than that found in the literature for similar systems. The changes in the distances in the organic part is of less than 0.02 Å while, as usual, the metal-ligand distances are less well reproduced (deviations: 0.05 Å for Cu-O and 0.10 Å for Ru-P). The conformations between the Ru(dppe)2 moiety and the Cu(bpy)(hfac)2 were kept almost unchanged compared to the X-Ray structures of 1Cu and 2Cu (< 0.5 °). The optimized cationic geometries 1Cu + and 2Cu + (high-spin electronic configuration) show globally the similar geometrical changes compared to their neutral parents (see Table S4 ). The Ru(dppe)2(-C≡C)2 fragment is the most affected part of the molecules, in agreement with a ruthenium-centred oxidation in which the acetylide ligands is non-innocent. 5 The The magnetic coupling between localized spins is usually described using a phenomenological Heisenberg Hamiltonian:
In systems with two magnetic centres A and B, the extraction of the magnetic parameter is well known.
The exchange integral J is obtained using the two solutions |> and |> ( = spin up,  = spin down):
A key to a successful computation of JAB with BS-DFT is an appropriate mapping between broken symmetry, high spin, and Heisenberg Hamiltonian states. In that sense, the spin contaminations in the broken symmetry solutions are important to consider. The spin eigenvalue basis set elements |>, |> were computed for 1Cu + , 2Cu (see Scheme 2 for the determinant description). The magnetic centres are in all cases S=1/2 localized being the Cu and Ru ions for 1Cu + and the two Cu ions for the 2Cu. Eq 3 was applied to access the magnetic coupling JAB using three different DFT functionals in order to evaluate a DFT uncertainty. The results are given in Table 3 and 4. For sake of comparison J13 was employed for 2Cu considering the centre 2 (Ru) as non-magnetic. The influence of the atomic basis set (TZP vs DZP for the main group atoms) was evaluated for 1Cu + in order to validate the use of the reduced TZP/DZP basis set for the trimetallic parents (vide infra). The magnetic exchange of the hetero-tri-metallic system 2Cu + can be tentatively analyzed via a valence-bond type of approach. This consists in considering ionic solutions in the strongly-correlated
Hubbard model using the so-called Stoner excitations 98 from the occupied spin-up to the unoccupied spin-down site:
where tij are the hopping parameters, U the Hubbard Coulomb interaction and K, the direct exchange integral, for which the Hundt configurations are less favorable. The exchange integral J of the Heisenberg Hamiltonian can be expressed from this generalized Hubbard Hamiltonian, at the second order of perturbation:
Two terms are in competition. The first one, K, leads to ferromagnetism but it rapidly decreases with the inter-spin distance. The second term, t²/U, favors antiferromagnetism. Coming back to the examples reported in the literature gathered in Table S3 , it is difficult to extract generalization considering the diversity of the nature of the magnetic interactions between first neighbors.
Nevertheless, in all cases the magnetic exchange integral J13 between second neighbors 1 and 3 is always antiferromagnetic. Therefore, we can conclude that at a distance of more than 5.7 Å separating the magnetic centers 1 and 3, K is small leading antiferromagnetic coupling issued from the t²/U term of Eq 5. To evaluate the magnetic parameters using this approach, one needs to calculate electronic configuration that keeps the total charge of the system but with one magnetic center reduced and the other one oxidized. Unfortunately, we were unable to converge those configurations that are much higher in energy than the ground state.
To compute the magnetic exchange coupling, the Heisenberg-Dirac-Van Vleck (HDVV) Hamiltonian given in Eq. 1 was first employed. In that description, the eigenvalues are eigenstates of spin as detailed in SI (Eq S1-8). Unfortunately, the set of equations do not provide enough information to extract the three magnetic coupling constants J12, J23 and J13 from the calculation of the spin determinant. Therefore, some approximations need to be made to obtain an estimation of the magnetic coupling between the first neighbors taking advantage of the geometrical characteristics of 2Cu + and the results already obtained for the bi-metallic analogues 1Cu + and 2Cu. Indeed, the two Cu magnetic centers are equivalent in 2Cu + . It is thus reasonable to consider J12 = J23 = J. We will do the assumption that magnetic interactions between second magnetic neighbors (Cu centers) are similar in the neutral and the oxidized systems even though slight geometrical changes are calculated. Indeed, J13 in 2Cu is of roughly 0.1 cm -1 (see Table 4 ). It is thus reasonable to neglect this second neighbor interaction (hyp.
J13 = 0). This lead to
(see SI Eq. S7). Using the computed energies of the (BS)-DFT calculations of the determinants |>, |> and |> for 2Cu + , we obtain the values given in Table 5 as function of the functional used. The computed value of J is of -12 ± 6 cm -1 at the considered optimized geometry of 2Cu + . A second resolution was recently proposed by Illas and coworkers. 99 It is based on the Ising model (approximation that all spins are oriented along the z-axis, see SI and Eq S9-17), and it was applied to the tri-metallic system 2Cu + . This methodology allows evaluating J13 that was neglected in the previous resolution. In that case again, the magnetic properties are calculated using the calculated energies of the spin eigenvalue basis set elements obtained from (BS)-DFT calculations (see Scheme 2). [100] [101] [102] These results are presented in Table 6 . The basis set was decreased to a double-ζ STO atomic basis set for the main group atoms (see Computational Details), the calculation being too memorydemanding in this scheme of all-electron calculations. This lowering of atomic basis set was evaluated for 1Cu + for which no noticeable effect on the magnetic coupling value was calculated (see Table 3 ). The Ising approach was applied to 2Cu + using (BS)-DFT calculations to access to the energies of the determinants |>, |> and |> lead to values of J12 ≃ J23 = -13 ± 6 cm -1 and J13 = -1 ± 0.5 cm -1 (deducted from Table 6 ). The hypotheses that J13 = 0 and J12 = J23 made previously in the HDVV Hamiltonian resolution is confirmed. For strongly-correlated Hubbard model presented above, the
Ising approach supports the argument that t²/U favors antiferromagnetism that is mainly described by J13 magnetic exchange that is calculated (J13 = -1 ± 0. starting from the optimized geometry (the Cu(hfac)2 coordination to the bpy was kept unchanged).
Important steric hindrances were found between the hfac ligands and the dppe groups for most of the configurations since no geometry relaxation was performed. Only the conformers which total energy is less than 0.30 eV above the optimized structures were considered. Among them, the arrangement presenting 72° between the pyridine planes show the largest magnetic difference with the optimized structures based on the X-Ray structures. In that case, the J value calculated for 2Cu + is of -23.0 cm -1 using the procedure used to obtain values given in Table 5 at the M062X level for which -9.2 cm -1 was found for the optimized 2Cu + . Interestingly, the same geometry change was performed for 2Cu.
In that case, the initial J13 value of -0.1 cm -1 (Table 4 , M062X level) representing the magnetic coupling between the Cu II spin carriers for the optimized 2Cu structure issued from the X-Ray arrangement is drastically enhanced by one order of magnitude to attain -1.6 cm -1 .
The DFT magnetic study of 2Cu reveals that a small antiferromagnetic coupling exists via a spin polarized mechanism all along the conjugated path from one Cu II end group to the other. It is sensitive to the conformation of the metallic fragments. Upon oxidation, the coupling between the Ru central unit and the Cu spin carriers is divided by two (from 2Cu to 2Cu + ).
EPR measurements of the neutral species. X-band EPR spectra of 1Cu and 2Cu complexes were recorded in diluted glassy CH2Cl2 solution. The spectrum recorded at 50 K depicted in Figure S2 for 1Cu (see supporting information) is typical of mononuclear copper complex. The spin Hamiltonian parameters listed in Table 7 were obtained from the simulation of the EPR spectrum and show an approximatively axial symmetry for the g and A tensors. Further super hyperfine splitting is observed in the perpendicular part of the spectrum at ~330 mT due to the interaction of the unpaired electron with two equivalent nitrogen nuclei of the bipyridine ligand. These parameters are in good agreement with those obtained for closely related complexes with the copper embedded in a slightly distorted octahedral geometry. 103, 104 The EPR spectrum of binuclear complex 2Cu shown in Figure 12 EPR measurements of the oxidized systems. Chemical oxidations by KAuCl4 in CH2Cl2 were performed on compounds 1Cu and 2Cu and followed by recording UV-visible and EPR spectra. Oneelectron oxidation of 1Cu and 2Cu leads to the same UV-visible spectra obtained by spectroelectrochemistry (see Figure S5 and S6). At low temperature, the shape of the EPR spectra of 1Cu + and 2Cu + are almost identical to that of the neutral species. Only the enhancement of intensity proves the addition of spins on the molecule ( Figure S7 ). The EPR signal of the oxidized species is probably isotropic with a g value close to 2.00 as already observed for other Ru complexes 105 and masked by the perpendicular component of the EPR spectrum of copper. The temperature dependence of the doubly integrated EPR signal EPR was also measured. The line shapes of the EPR signal are not affected by temperature so we reported the peak-to-peak amplitude AppT vs T. The product of AppT vs T for 1Cu + complex is reported in Figure 13 . It can be reproduced by the sum of the two contributions
and (ii) the singlet-triplet system :
In this equation, we have taken into account a proportion of the non-oxidized species x for which the doubly integrated signal is assumed to follow the Curie law. Three experiments were recorded with different x values estimated from the UV-visible spectra and App values were normalized to the value x=0.68. Thus, the best fit parameter gives J12/kB = -8.0 K ± 0.5 K (-5.6 cm -1 ) thus pointing towards a singlet ground state. However, the fitting is very sensitive to the x parameter. If the two parameters J/kB and x are free we found J/kB = -16.0 K ± 1.5 K (-11.1 cm -1 ) and x = 0.75 to be compared to the above experimental value of 0.68. and JST the singlet-triplet splitting respectively, whereas C is the Curie constant.
We have taken into account a proportion of non-oxidized species x for which the EPR is assumed to follow a Bleaney-Bowers law. The fitting was performed with the value of JST/kB=-7 K previously determined from EPR data and a x value of 0.4 extracted from UV-visible data. Least-squares fitting of J3S/kB value gave a value of -3.5 ± K (-2.4 cm -1 ). We also checked that the variation of J/kB and/or
x ratio did not dramatically change the J3S value. J3S/kB were spread between -2.5 K and -3. As already observed the value of JST /kB exchange coupling decreases when the distance between the two spin carriers increases and the values are close to zero for systems separated by metal such as
Pt with phenyl ethylene as spacers. 72 The JST /kB exchange coupling for the 2Cu neutral complex of - an optimized structure is a crucial point. Indeed, the calculated magnetic coupling can be divided by 3 (on the example of one functional, vide supra) depending on the conformers which gives a reasonable agreement between experiment and theory. Unfortunately, a complete conformational study that would give a clear picture is not possible so far (size of the systems). Finally, it is worth noting that the significant decrease of the magnetic coupling upon oxidation of 2Cu with respect to the neutral species is an unusual phenomenon previously observed to a lesser extent with nitronyl-nitroxide and verdazyl radicals, 73 due to an incoming predominant interaction issued from the novel delocalized ruthenium spin carrier. Its lower amplitude is ascribable to conformational issues difficult to rationalize on the basis of actual theory limitations. EPR spectra were recorded on a Bruker EMX spectrometer operating at X-band (9.4 GHz) with a standard rectangular cavity (TE 102). An ESR900 cryostat (Oxford Instruments) was used for the low temperature measurements. Sample solutions (10 -4 M) in quartz tubes were degassed by three freezeand-thaw cycles. Single oxidized species were generated by addition of 1 eq. KAuCl4 in glovebox.
Simulation of spectra were performed with Easyspin program package described by Stoll and Schweiger. 106 The XRD data have been measured on a APEXII, Bruker-AXS diffractometer at Mo-Kα radiation (λ = 0.71073 Å). The structures were solved by direct methods using the SIR97 program, 107 and then refined with full-matrix least-square methods based on F 2 (SHELX-97) 108 with the aid of the WINGX program. 109 The contribution of the disordered solvents to the calculated structure factors was estimated following the BYPASS algorithm, 110 implemented as the SQUEEZE option in PLATON. properties of the studied compounds. [112] [113] [114] Considering that magnetic properties are evaluated, we choose to keep the systems unmodified (no simplification of ligands) and not to impose symmetry constraint. This leads to large calculations with up to 205 atoms for which conformational studies are too resource demanding to be performed. The convergence criteria for the geometry optimizations starting from the available X-Ray structures (or parent redox structure) were more drastic than default ones (energy change < 0.0001 u.a., atomic position displacement < 0.001 Å). For geometry optimizations, electron correlation was treated within the local density approximation (LDA) in the Vosko-Wilk-Nusair parametrization. 115 The non-local corrections (GGA) of Becke and Perdew (BP86) were added to the exchange and correlation energies, respectively. 116, 117 The analytical gradient method implemented by Versluis and Ziegler was used. 118 Spin unrestricted calculations were performed for all the open-shell systems considered. We used the triple-ζ Slater Type Orbital (STO) basis set, TZP, provided by ADF program set with a medium frozen core (up to 1s for C and N, 2p for P, and 4p for Ru). The triple-ζ STO atomic basis set is augmented with a 2p polarization function for H, a 3d polarization function for C, N and P, and a 5p polarization function for Ru. We have used two (meta-)hybrid functional, B3LYP, 115, 116, 119, 120 PBE0 121, 122 and one meta-hybrid functional M06-2X 123, 124 to evaluate magnetic coupling constants. In that case, an all-electron basis set was necessary.
An all-electron TZP was used for 1Cu + and compared to a mixed all electron TZP/double-ζ STO (DZP) (TZP for Cu and Ru atoms/ DZP for main group atoms). Energies of some spin eigenfunctions were obtained using the broken-symmetry (BS) approach developed by L. Noodleman. 97 Molecular orbitals and spin density were plotted with the ADF-GUI package. 125 The calculations of the excitation energies were intended in order to rationalize the optical properties of the studied systems. Geometry optimizations taking into account solvent effects (COSMO) using the B3LYP functional (see Cartesian Coordinated of the optimized structures in SI) followed by time-dependant DFT (B3LYP)
were attempted. Unfortunately, we faced computational limitations (memory limitation in French High-computing Centers).
SYNOPSIS TOC
Ruthenium acetylide central unit sets up an antiferromagnetic coupling between two remote Cu II spin carriers (16.6 Å) via a spin-polarization mechanism. Oxidation of this center modifies importantly this coupling by creating a third spin carrier and a new magnetic interaction largely dominated by the lower antiferromagnetic coupling between this spin carrier and the Cu II end groups.
